Further Studies in Experimental Fever.
By E. C. HORT and W. J. PENFOLD.'
WE have recently shown that in the experimental study of fever there are numerous sources of error previously undescribed. Some of these pitfalls are fairly obvious and easy to explain-after one has plumbed their depths, as we have done with unfailing precision. Others there are which at present are not easy to understand, though they are on that account none the less definite. The following two sources of error are very difficult to explain, and as we have fully dealt with them elsewhere they need not be more than named.
(1) The first is due to the fact that the degree and duration of the fever produced by injection of constant quantities of a given pyrogenetic agent depends to a considerable extent on the volume of the diluent or suspending fluid employed.
(2) The second is due to the fact that the extent of fever which may follow the injection of constant quantities of pyrogen in constant quantities of pure normal saline (relatively to body-weight) is much more irregular than is the extent of fever which may follow injection of the same quantities of the same pyrogen in the same quantities of pure water.
A third fallacy which proceeds from the use, as a medium of injection, of water or saline that has become contaminated with the heat-stable filter-passing pyrogen we described last year, is somewhat easier to explain, though the source and nature of this elusive body are still quite unknown. Its unsuspected presence seriously impairs, however, as we have shown, the value of the experimental evidence hitherto relied on in favour of various types of injection fever. At the present moment such distinct entities of fever as water fever, salt fever, salvarsan fever, lactose fever, glucose fever, saccharose fever, protein fever, nuclein fever, tissue fever, fibrin ferment fever, serum fever, blood cell fever, hemolytic fever and anaphylactic fever stand on no sound experimental basis. We have taken each of these one by one and have so far been unable to demonstrate their existence if pyrogen-free water or saline be employed as the injection medium. To this list we are now able to add transfusion fever in the sense of the fever which may follow the injection of defibrinated blood and which Freund describes as amboceptor fever. In the experiments quoted by Schultz and Freund in favour of this transfusion fever no controls were quoted to show (a) that infection of the blood had not taken place in vitro, (b) that if the blood were diluted the diluent employed was pyrogen-free. We have carried out both these controls, as Chart I will show, and we find that we cannot get fever in rabbits by intravenous injection of defibrinated blood if it is free from laboratory infection or if it has been diluted with pyrogen-free water.
In the experiments we are about to describe these fallacies are avoided by using constant volumes of pure water as our injection medium.
CHART I.
Sterile Defibrinated Blood does not produce Immediate Fever.
Full recognition of these three sources of error is, we believe, of the first importance in the study of experimental fever. To these may possibly be added a fourth, as we showed in December of last year, and, more fully, in July of this year. We refer to it again now on account of further experiments we have carried out since July, 1912. These experiments are by no means completed, and we only bring them forward now in the hope of eliciting criticism, and, if we can get them, suggestions. This fourth fallacy, if it be a fallacy, affects the study of the fever that sometimes follows the injection in pure water or saline of laboratory-grown organisms in the dead or living state. We have already produced evidence, of a somewhat circumstantial nature, that the early fever whic4 alone follows the injection into rabbits of certain types of living or dead organisms that have been grown on artificial media is due not to bacterial pyrogen but to a pyrogen liberated from the medium by the action of the living organisms on that medium. We also showed that certain strains of certain other types of organisms did not when injected alive or dead produce early fever, but did, if injected alive, produce late fever. We therefore grouped in a purely provisional manner the different kinds of organisms we examined according to whether they did or did not, on intravenous injection into rabbits, produce an early fever. This early fever is of short duration, has no latent period, and shows a rapid rise and a rapid fall. The fever is in every respect exactly similar to that produced by injection of water pyrogen, which, as we have repeatedly found, may bear no relation to the number of organisms capable of cultivation from the water containing it immediately prior to sterilization. On the other hand, it is quite unlike any known form of continued fever occurring in man or animals in the course of a natural infection. This is no doubt partly due to the absence of the continuous supply of pyrogen that obtains in a natural Countless days, and in cases of recovery a gradual or rapid fall. This fever was in no case fugitive, unless the animal died from an overdose, and showed all the classical features of a typical infection fever occurring naturally. Group I was well represented by Bacillus typhosus or Bacillus coli, Group II by certain strains of Staphylococcus aureus or of pneumococcus. In all cases the organisms were grown on the ordinary laboratory media.
Pursuing this subject still further, we now find that members of the first group, for example, Bacillus typhosus, preserve to a large extent the immediate pyrogenetic properties we have described in spite of age (within limits of months). We also find that certain strains of various types of organisms in Group II exhibit apyrogenetic properties (as regards early fever) both in old cultures and in young cultures of strains which had not recently passed through the animal body. On the other hand, we find that other strains of the same organisms exhibit powers of producing immediate fever in the case of young cultures but not of old. The bearing of this observation on the preparation of vaccines for therapeutic or protective purposes is, we think, worth further study. Finally we note that there are yet other strains of Staphylococcus aureus, for example, which produce immediate fever in the case of young cultures and of old, behaving, in fact, in this respect like Bacillus typhosus or Bacillus coli. The explanation of these differences is not yet available. It is not, we believe, a question of differences in numerical values, so far as we can tell by such quantitative experiments as we have been able to carry out. We have, on the other hand, some reason for thinking that highly important factors are the original source of the organism and the time relation of passage (followed by fresh cultivation) to injection. We have never yet failed with any strain of Staphylococcus aureus to obtain immediate fever if cultivation in the laboratory has been immediately preceded by passage. We require, however, much further study on all these points. In the meantime we show in Charts II and III the respective pyrogenetic powers (as regards early fever) of different strains of organisms in Group I. CHART In further contrast to the power that certain laboratory-grown organisms have of producing immediate fever in rabbits, we show in Chart IV the effect of injection of organisms after animal passage. At first sight it appears that this chart might be explained on quantitative grounds. It is true that owing to the difficulty of recovering organisms during passage free from salts and other substances derived from the tissues we have not been so far able to devise any satisfactory method of enumeration. Precaution, however, was in all cases taken to obtain positive evidence by films that large numbers were injected. Precaution was also taken by subsequent control cultivation to demonstrate the presence of living organisms. Unless copious growth was obtained the experiments were rejected. We cannot, however, yet claim that we have positively eliminated this source of error. It is conceivable that the absence of fever is due to exhaustion of pyrogen in vivo, as most of the animals were suffering from fever when the organisms were recovered. We have, however, guarded ourselves against this source of error to some extent by recovering the organisms in early stages of the fever as well as in late, and by injecting as large numbers of organisms as we could secure. In all the cases shown, as well as in numerous others not charted, we have not yet been able to produce early fever whatever the stage of infection, by injecting washed organisms after passage in the living or dead state, so long as laboratory cultivation was not subsequently employed. This is true even of considerable quantities of pus recovered from young abscesses and injected at once. In some of these cases the presence of a sufficient number of virulent organisms to produce late fever, rapidly followed by death in thirty-six to forty-eight hours after injection, was clearly shown. The experiments shown in this chart strongly recall the experiments we published last year, in which we showed that we could produce no fever by injecting large numbers of dead organisms found in saline exposed to the air, provided that they were injected in pyrogen-free water. They also recall the experiments we quoted in July, in which we found that we could not produce fever by exposing defibrinated blood to aerial infection provided we injected the killed organisms, the living organisms producing marked early fever, perhaps owing to obliteration of latent period. The contrast between these experiments and the results of injecting certain organisms from nutrient media exposed to aerial infection we have already shown elsewhere. We wish, however, to repeat that further work is still required on all these points.
CHART IV.
No Immediate Fever follows Injection of Organisms after Passage.
When we turn, however, to organisms recovered after passage and then cultivated in the laboratory we find that organisms that previous to passage produced little or no immediate fever, and- had the same negative effect, now produce immediate fever. We see, for example, in Chart V that a certain strain of pneumococcus produced on injection no early fever. In two days after injection a continued fever set in. On the eighth day, the fever still continuing, the animal was killed. A large loopful of splenic pulp stuffed with organisms obtained under careful aseptic conditions was injected into a healthy rabbit and no immediate fever followed, but the animal died in three days. At the moment of injection an agar slope was inoculated with a fragment of splenic pulp, and by the next morning a copious growth IC I I at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from was obtained. A measured quantity equal to that first injected was given to a third animal and immediate fever resulted. This animal also died. The same experiment was repeated with a subvirulent strain of anthrax, and also with a streptococcus and several strains of Staphylococcus aureus, recovered either from the heart blood or from kidney abscesses. An important point not shown on the chart is the fact that the immediate fever was produced by the dead organisms as well as by the living in several cases of Staphylococcus aureus (the only type so far tested as regards killed organisms). If this proves to be generally true, it suggests that passage plus cultivation confers on an organism not only increase of virulence demonstrable in vivo, but also a power with which such organism was not previously endowed, of liberating from an artificial medium a pyrogenetic substance. In other words, passage plus cultivation possibly selects from an organism that has not the power of producing immediate fever, alive or dead a strain that has that power alive and dead. We prefer, however, at present not to do more than indicate the possibilities involved in this branch of work, as further experiment is required on the effect -of subcultivation without passage. If further study confirms our suspicion that the more or less immediate toxic effects qua fever, so often seen in man after injection of dead vaccines, are partly due to contamination of such vaccines with pyrogen derived from the laboratory media, this is an accident that it may become necessary to prevent. We have already shown that living and dead Bacillus typhosus vaccines, for example, can be readily detoxicated, as regards immediate fever, in the test-tube by mere keeping or by oxidation, and we are now studying the relative antigenic values, in terms of test-tube reactions, of ordinary vaccines and of detoxicated vaccines. In the meanwhile we are content to submit that, in the light of our observations, the fact that certain organisms after culture in the laboratory are capable of producing immediate fever when injected dead cannot be taken as good evidence as to the source of the supply of pyrogen in infective disease.
CHART V.
The Apparent E-fect on Pyrogenetic Function of Passage plus Cultivation in the Laboratory. 
